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PERFOFMANCE OF DOUBLE-SHROUD EJECTOR CONFIGURATION WM'E 

PRIMARY PRESSURE RATIOS FROM 1 .O to 10 

By Donald P. Eollister  and  William K. Greathouse 

A brief  investigation was made  to  determine  the  performance  charac- 
teristics  of a double-shroud  cooling-air  ejector  configuration. Two 
convergent  primary  nozzles  were  used to simulate a specific manu- 
facturer's  iris-type  variable-area  nozzle in the  open  and  closed  positions. 
The  investigation  comprised  four  phases: (I) obtaining  performance 
with no secondary  or tertimy air  flow  (cooling-air  passages  blocked), 
(2) determining  the  tendency for backflow to occur  in  either  cooling- 
air  passage, (3) determining  the  sensitivity of flow in one  passage to 

with  secondary  and  tertiary  air flow. 
* that in the  other, and ( 4 )  obtaining  pumping  and  thrust  characteristics 

3 The  experimen~al  results  showed  that  the  performance  with  the 
cooling-air  passages  blocked was typical  of  that  for  single  ejectors 
having  diameter  and  spacing  ratios  similar  to  those  used in this  investi- 
gation.  There was a tendency  for  backflow to occur,  but  the  magnitude 
of  such  flow was relatively small .  The weight  flow of each  ejector was 
shown to  be  essentially  independent of the  other,  and  the  closed  primary- 
nozzle  configuration was found  to be generally  capable of pumping  more 
cooling-air  than  the  open  primary-nozzle  configuration.  Gains in gross 
thrust  were  observed  for  both  configurations,  with  losses  occurring 
o n l y  at  low  secondary  and  tertiary-pressure  ratios. 

I 

u 

INTRODUCTION 

The  use  of  afterburners for thrust augmentation,  and  particularly 
the  advent  of  high-temperature  afterburners,  increases  the  cooling-air 
requirements  of  turbojet  engines.  Single-shroud  ejectors  are now being 
used  for  supplying  the cooling air.  In  some  aircraft  installations, 
however,  it  is  necessary  to  provide an additional  quantity  of  air  for 
cooling  the  aircraft  structure;  the use of  double-shroud  ejectors  for 
meeting  this  requirement is now under  consideration. 
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The single-shroud  ejector  has  been  the  subject of several expri- % 

mental  investigations  (references 1 to 7), but  the  available  information 
on double-shroud  ejectors  is  very  limited. In reference 8, the  operating 
mechanism  ofzdouble-shroud  ejectors is discussed,  the  performance of 
several  configurations  is  presented,  and  it  iE shown that an ejector 
of this  type can be  designed  ta  operate  satisfactorily. 

* 
" 

The  double-shroud  ejector.configurations used in this  investigation 
incorporated  two  convergent  primazy nozzles ta aimlate a speciftc 
manufacturer's  iris-type  variable-area  nozzle  in  the  closed and open 
positions.  Although  this  investigation was Ji+ted.to only two  con- 
figurations, a wider  raage  of  pressure  ratios  and  operating  conditioG 
was covered than in the  investigation  reported in reference 8, which 
primarily  presented the pumping  and  thrust  characteristics of each  con- 
figuration for only  four pri&y pressure  ratios. In the  present 
investigation,  the  thrust  and  pumping  characteristics af both  configu- 
rations w e r e  investigated  for  eight  constant  primary  pressure  ratios 
from 1.10 tO"9.5. Additional  tests  were  conducted  to  determine 
(1) ejector  performance  with no cooling-air flow, (2) the  tendency for 
backflow  to  occur  from  the  primary  jet  into  either  the  secondary  or  the 
tertiary system, and (3) whether  or not the  flow through each  cooling- 
air  system was independent  of the flow  through  the  other.  This  investi- 
gation was conducted using dry  unheated air at a temperature  of 80' F. 

SYMBOLS AND NOMEN(;zAfcuRE 

The  following symbols and:nomenclature  used in this  report are 
defined in the  accompanying  schematic  sketch of a double-shroud  ejector. 
It  should be noted  that primary refers  to  the engine nozzle,  secondary 
denotes the inner m . m h m J  and-tertiary denotes the outer annulus: 



NACA RM E52KL7 3 

II I I " 

exit diameter of primary nozzle, in. 

exit diameter of imer shroud, in. 

exit diqmeter of outer shroud, in. 

inner-shroud diameter  ratio 

outer-shroud diameter ratio 

gross thrust of ejector, lb 

gross thrust of prhmry nozzle with shrouds removed, lb 

gross thrust  ratio 
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primary-stream  total  pressure,  in.  mercury  abs. 

secondary-stream  total  preasure, in. mercury abe. 

tertiary-stream-rtotal  pressure,  in.  mercury  abs. 

primary  pressure  ratio . .  

secondary  pressure  ratio 

tertiary  pressure  ratio 

atmospheric  .pressure, in. mercury  abs. 

ambient  exhaust  pressure, in. mercury abs. 

distance from primary-nozzle  exit  to exit of k e r  shroud, 
inner-shroud  spacing, in. 

distance from  primary-nozzle  exit to exit of outer abroud, 
outer-shroud spacing, in. 

inner-shroud  spacing  ratio 

outer-shroud  spacing  ratio. . . . . 

priraarpstream total  temperature, .R 

secondary-stream  total  temperature, R 

tertiary-stream  total  temperature, R 

primary weight flow, lb/sec 

secondary  weight flow, lb/sec I 

tertiary weight flow, lb/sec 

0 

0 

0 

secondary weight-flow ratio 

tertiary e i g h t - f l o w  .ratio 

. I. 

v) 
(D 
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APPARATUS 

Ejector  Research  Facility 

The  ejector-research  facility  shown  in  figure 1 consists of two 
concentric  ducts  simulating an engine  tail pip and a cooling-air  passage. 
For  this  investigation, a third  concentric  duct was added to provide a 
cooling-air  passage for the  outer  shroud. Air was supplied f r o m  the 

N 

cn 4 laboratory  air-supply s y s k  to  these  ducts,  as shown, and was passed 
cn through the  primary  nozzle  and  the  cooling-air  passages  into  the  exhaust 

chamber.  The  air was supplied  at a pressure of 40 pounds per square inch 
gage, a temperature of approximately 80’ F, and a dew point of -20° F. 
The  exhaust  chamber was connected  to  the  laboratory  exhaust  system so 
that  the  ejector  exit  pressure  could be  varied-from  atmospheric to about 
2 pounds  per  square  Inch  absolute. 

Tho primary, secmdary, and ter t iary air flows w e r e  measured by means 
of standard A.S.M.E. eharp-edge  orifices.  The  total pressures and  temper: 
atures  were  measured  with  total-pressure  tubee and single,  bare-wire, iron- 
constantan  thermocouples,  respectively.  The  primary  measuring  station, 
located 20 inches  upstream of the  primary-nozzle  exit,  consisted of two 
total-pressure  tubes,  two wall static  taps,  and one thermocouple. The 
total-pressure  tubes and the  thermocouple  projected  about  one-third of 
the  duct  diameter  into  the  stream,  because  surveys had shown  that m e a s -  
urements  at  this  location  gave  the  average of the  total-pressure  profile. 
The s e c o n w  instrumentation,  consisting of two total pressure  tubes 

and  one  thermocouple, was located  at a station  about 271- inches  upstream 
2 

of the  primary-nozzle  exit.  This  instrumentation was duplicated  for  the 

tertiary  stream  at a station  about 1- inches  upstream of the primaxy- 1 
8 

nozzleexit.  The  ejector  exit  pressure was measured. in the  exit  plane 
of the  outer shroud by means of two  static-pressure  tubes  attached to 
the  outside wall of the  outer  shroud. 

The l o w e r  portion of the  facility  is  connected to the  laboratory- 
air  supply  system  by  means of flexible  bellows  and  is  pivoted  to a steel 
frame in order  that the axial force may be  freely  transmitted. to a null- 
type  balanced-pressure  diaphragm,  thrust-measuring  cell.  The  output 
pressure of this  cell is directly  proportion8.l to the  applied  force and, 
hence,  is a direct  measure of the  resultant  force  acting on the  ejector 
in an axial  direction. In order  that  the  force on the  thrust  cell  would 
always  be in one  direction, an axia.l  preload  force,  consisting of a 
counterweight  connected  to  the  rig by large pulleys  and  steel  tapes, was - applied  to  the  thrust  cell. 
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Ejector  Models 
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In this  investigation  two  conical  nozzles  having  areas  equivalent 
to a specific  manufacturer's  iris-type  variable-area  nozzle  in  the  open 
and  closed  positions  were  used.  The  relative  location of the  shrouds 
with  respect to the two primary  nozzles  is  shown in figure 2. The  open 
and  closed  primary  nozzles  had  exit  diameters of 4.79 and 3.49 inches, 
respectively,  and  the  corresponding  half-cone  angles  were 2'57 and 20035 I .  

The  inside  diameter  of  the  approach  pipe  to  the  primary  nozzles was 
5 inches.  The  inner  shroud Was essentially  cylindrical and had an exit 
diameter  of 5.65 inches.  The  conical  outer  shroud  had an exit  diameter 
of 6.30 inches  and a hal??-cone angle of 7'18'. The.  spacing  and  diameter 
ratios for both  configurations  are  shown in the  table in figure 2. 

'I 

Each  of  the  two  primary  nozzles was calibrated  to  determine  the 
flow  coefficients  and  the  primary  nozzle  tfrrust  over a range of preseure 
ratios  from 1.0 to 10. The various primary  pressure  ratios  were  obtained 
by throttling  the inletair and  by  reducing  the  ambient  pressure in the 
exhaust  chamber.  With  the  shrouds in place, the investigation of each 
complete  double-shroud  ejector  configuration  consisted  of  four  phases. 
The first  phase was an investigation of the  performance  over a range  of 
primary  pressure  ratios  from  1.0.to 10 with  the  shroud-inlet  passages 
blocked  (zero  secondary  and  tertiary  air flow).  The  second  phase con- 
sisted  in  determining  the  tendency for backflow  to occu in either of 
the  two  cooling-air pssages and-the magnitude  of  such flow. In order 
to  accomplish  this,  the  duct  controlling  the  total  alr flow to  the  two 
cooling-air  passages ..was blocked3hile the ....L 1 ~ a .  i.nterconnecting the 
secondary  and  tertiary  systems  were  open so as  to allow air to circulate 
through  the two interconnected  systems. 

I 

u 

. .  

The third  phase was an investigation of the  interaction  and  conse- 
quent  sensitivity  of  each  cooling-air  system  to  the  other.  This  phase 
was conducted  at a constant primEy pressure  ratio oT about 3.0; while 
the tertiaxy  weight flow ratio,  and  hence  the  tertiary  pressure  ratio, 
was varied  over a range  of  values,  and  the  secondary weight flow ratio 
was so varied  as  to  maintain a constant  secondary  pressure  ratio of 1.30. 
In  this  way  the  effect  of  tertiary  flow on the  secondary  weight-flow 
ratio was determined.  The  effect  of  secondary flow on the  tertiary 
weight-flow  ratio was determined in a similar  manner;  that ie, by 
varying the secmdary weight-flow  ratio  while a canstant  tertiary 
pressure ratio of 1.30 was be- maintained. 

- 
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The  final  phase was thst  of  determining  the  gumsing  and  thrust 
characteristics for a rage of  constant  primasy  pressure  ratios  from 
1.10 to 9.5. This phase was conducted  with  the  total  pressures  in  the 
two  cooling  passages  approximately  equal, so as  to  simulate a common 
inlet  and  plenum  chamber  for  the  two  cooling-air  passages.  Although 
ejector  performance was determined  with 80° F prbary, secon-, and 
tertiary air, the  weight flow ratios  presented  herein are multiplied 
by  and -,/% as a reminder  that  the  application of these 

LW 
4 oa cn 

data  to  hot  Jet  installations  requires a temperature  correction. 

The axial  force  transmitted  to the thrust cell was colnposed  of  the 
ejector  thrust  force,  the  pressure-area  force  imposed on the system by 
the  difference  between  atmospheric  pressure  and  the  ejector  exit  pres- 
sure  in  the  exhaust  chamber,  and  the  axial  preload  force.  The  pressure- 
area.force was determined  from a calibration over the  range  of  ejector- 
exit  pressures  used  in  the  investigation.  The  e3ector  thrust w a s  obtained 
by subtracting  the  force  acting on the  thrust  cell from the sum of  the 
preload  and  the  pressure-area  forces. In order that'  the tGust data  be 
consistent  and  accurate,  the  pressure-area  force-calibration  curve was 
checked  daily  throughout the investigation. 

RESULTS AMI DISCUSSIOIV 

Zero Secondary  and  Tertiary  Flow 
- 

w 

Performance. - The  performance of the  closed  and  the open primary- 
nozzle  configurations  with  zero  secondary  and  tertiary  air flow is  shorn 
in  figures 3(a)  artd  3(b) and in table I. The  effect of prima3.y pressure 
ratio on secondary  pressure  ratio is typical  of  single-shroud  cylindricd 
ejectors  having  diameter  and spacing ratios similar to those  used in this 
investigation.  The  effect of primary  pressure  ratio on tertiary  pressure 
ratio is typical  of  that  of  single-shroud  conical  ejectors having very 
small spacing  ratios3  such  would be the  case  if  the  inner shroud were 
considered  the  prFmasy  nozzle  and  the  spacing  were  the  distance  from  the 
exit of the  inner shroud to the  exit of the  outer shroud. 

It  should be noted  that  the  curve of secondary  pressure  ratio  in 
figure 3(a) exhibits a marked  amount  of  hysteresis  and  the  tertiary 
pressure  ratio curve shows a slight  amount of hysteresis in the pr- 
pressure  ratio  range frm 3.5 to 5.0 aa indicated by the a m s  an the 
curves.  This  phenomenon has previously  been  encountered  with  cylindrical 
ejectors having large  diameter  ratios and small  spacing  ratios,  as shown 
in  reference 1, but has not been  observed for small diameter  ratios. 

wall until  the prdry pressure  ratio  is  decreased  to a value  less than 
that  at  which  attachment  first  occurred 8s  the  primary  pressure  ratio 

- Hysteresis  occurs  because  the  primary Jet remains  attached to the  shroud 

w 
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was being  increased.  The  jet  finally  becomes  detached  at  this lower 
primary pressure ratio, and the ,shroud pressures  assume  their normaL 
values. A further  discussion of' this  hysteresis may be  found in 
reference 1. 

Thrust  characterfstics. - The dfect .of- e-imary pressure  ratio on 
gross thrust  ratio for zero  secondary  and  tert'iary.air flow is presented 
in  figure 4(a) for-the closed  prkary-nozzle  configuration and ix fig- 
ure 4(b) for  the  open  primary-nozzle  configuration. Gross thrust  ratio 
is defined  as  the  ratio  of  ejector gross thrust Fed to  the primary 
nozzle  (ejector  shrouds  removed) gross thrust F3 at the same primary 
pressure  ratio.  Ejector gross thrust Fej, then, includes  the  combined 
thrust  produced  by  the mass flow through  the cooling-air passages,  and 
the  primary-nozzle.-gross  thrust . F  includes  only  the  thrust  produced 
by  the mass flow  through  the  primary  nozzle. 

s 

The  thrust  characteristics  with  the  closed-nozzle  configuration 
(fig.  4(a))  exhibit hysteresis similar to  that f o r  the  secondary  pressure 
ratio  (fig. 3(a)) ,  and  indicate  khat a lose in g r o s s  thrust  of  as  much 
as 33 percent  of  primary-nozzle 'gross thrust  is  possible  with  this con- 
figuration  when  the  cooling-air T l o w  i s  zero.  Rysteresis-  did  not OCCUT 
for  the  open  primary-nozzle  configuration with zero  cooling-air flow 
(fig. 4 (b) ) ; the greatest  loss ,po.ss thrust occurred et a primary 
pressure  ratio  of 2.0 and  amounted  to  about 17 percent of the  primary- 
nozzle gross thrust. 

A comparison  of  figures  4(b)  and  3(b)  shows  that  the  minimum gross 
thrust  ratio  occurred  at  the  primary  pressure  ratio for which  the  second- 
ary pressure  ratio was a minimum, and  that a slight  dip  occurred  in the 
gross-thrust-ratio  curve at the  primary pressye ratio  for  which  the 
tertiary  pressure  ratio was a minirmun. This phenomenon may be  attrib- 
uted  to  shock  losses  accompanying  the  overexpansion of the  primary  jet. 
A more  complete discussion of  the  effects of overepneian and  shock- 
losses on ejector  thrust may be  found  in  reference 2. 

A further comparison of figures  4(a) and 4(b) indicate8  that  with 
zero secmdary and tertiary flaw, the gross thrust wae higher w i t h  the 
open primary-nozzle  configuration (emall diameter r a t i o ) .  T h i s  rela- 
tion is ccmsietent  with  the trends indicated by the daCa of refermco:Z. 

Effect of Primary Pressure  Ratio on Backflow 

I 

In order f o r  backflow  to  occur  in one of the two cooling-air  passages, - 
the  pressure in one passage must-be higher than the  pressure in the  other. 
An inspection of figures 3( a) and 3(b) indicates  the  regions of p r b a r y  
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- pressure  ratio in which  backflow will occur.  That is, for  the  regions 
in which the  secondary  pressure  ratio  curve  lies  below  the  tertiary 
pressure  ratio  curve,  (secondmy  pressure  ratio  is  lees  than tertimy 
pressure  ratio  in  figs. 3(a) and 3(b)), the  circulation of a b  is in 
the normal direction  through  the  secondary  passage  and  is  reversed 
through  the tertiwy system.  For  the  opposite  conditions of secondary 
and  tertiary  pressure  rat$o,-the  circulation  is  reversed.. 

r 

4 
N The  effect of primaxy pressure  ratio on backflow is shown in fig- 

nozzles.  The  magnitude  of  the  backflow,  although  measurable, was very 
s m a l l ;  less  than 0.2 percent of primary air f l o w  through  the  closed- 
nozzle  configuration,  and  slightly  exceeding 0.4 percent  of  primary  air 
flow  for  the  open-nozzle  configuration.  This  test  simulated 8 common 
inlet  plenum  chamber for the  two  cooling-air  passages  with no external 
source of air; the  positive  portion of each  curve  therefore  indicates 
circulation  in  the normal direction  through  the  secondary pssage and in 
a reverse  direction  through  the  tertiary  system.  The  negative  portion 
of the  curve  indicates  circulation in the  opposite  direction,  with  back- 
flow occurring  through  the  secondary  system  and  flow in the n o m 1  direction 
existing in the  tertiary  passage. The direction of the circulation  flow 
for  each  configuration  reverses (magni-hde of backflow  becomes  zero)  at 
approximately  the same primary  pressure  ratios at which  the d u e  of 
prFmary  and  secondary  pressure  ratio  become equal (figs. 3(a) and 3(b)). 
It should  be  noted  that the data of figure 5(a) were  obtained in the 
direction  of  increasing  primary  pressure  ratio, and thus  any  effect of 

% ures  5(a)  and  5(b)  and in table 11 for  the  closed  and  the  open  primary 

- 
” hysteresis on backflow is not  included. 

Interaction  of  Secondary and Tertiary  Systems 

Investigation  of  the  interaction  between  the  secondary  and  tertiary 
flow  systems  indicated  that  there was little  interaction  between  the  two 
systems.  The  weight  flaw  through  each  shroud was insensitive  to  changes 
through  the  other,  as  shown  in  table III and in figures 6 to 9 for  the 
closed  and  the  open  primary nozzles. For a primary  pressure  ratio of 
about 3.0 and a secondary  pressure  ratio  of  about 1.3, with the  primary 
nozzle in the  closed  position,  the  secondary  weight-flow  ratio was essen- 
tially  independent of the  tertiary  weight-flow  ratio  as  the  tertiary  weight- 
flow-ratio  increased frm 0.02 to 0.15 (fig. 6). Likewise,  while varying 
the  secondary  weight-flow  ratio  wlth  the  primary  nozzle  closed,  the 
tertiary  weight-flow  ratio was essentially  constant for a constant  terti- 
ary  pressure  ratio  of  about  1.3  (fig. 7) . Similar reeults  were  obtained 
for  the open primary-nozzle  configuration  (figs. 8 and 9). Although 
this  effect was investigated  only  at a primary  pressure  ratio of about 

those  which  would  be  obtained  at  other  primary  pressure  ratios. 
- 3.0, it  is  believed  that  these  characteristics  are  representative of 
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Ejector  Performance 

Pumping  characteristics. - The  pumping  characteristics of the 
double-shroud  ejector  configuration  with  the  closed primary nozzle  are 
presented in figure 10 for  severd-primary  pressure  ratios from 1.10 to 
9.5, Etnd are  tabulated  in  table IV. As mentimed previously,  the t o w  
pressures  in  the  two  cooling  passages  were  maintained  approximately 
equal  for  this  phase of the  investigation.  The  effect  of  secondary pres- 
sure  ratio on secondary  weight-flow  ratio  is shown in  figure lO(a), and 
the  corresponding  tertiary-system  pumping  characteristics  are  shown in 
figure 10(b). A comparison of %he  two  figures  discloses  that  the  pump- 
ing  ability of the  secondary and the  tertiary  systems  are  neaxly  iden- 
tical. It is  evident f r o m  these data that  at low primary  pressure  ratios 
secondary and tertiazy  weight-flow  ratios  were  extremely  sensitive  to 
variations  in  secondary a d  tertiary  pressure  ratios. AB the primary 
pressure  ratio was increaaed  this  sensitivity of secondary and tertiary 
flow  became  less  pronounced. 

The  secondary  and  the  tertiary  weight-flow  ratios wlth the  open 
primary  nozzle  are  shown in figtzres Il(a) and l l (b) ,  respectively,  and 

outperforms  the  tertiary  system  at  the  lower  primary  pressure  ratios 
over  the  entire  range of secondaxy and tertiary  pressure  ratio, and at 
primary  pressure  ratios of 3.0 b d  4.0 at  the  lower  secondary and terti- 
axy pressure  ratios. For the  three  highest  primary  pressure  ratios 
investigated (6.0, 8.0, and 9.51, the  tertiary  'system  pumps a far greater 
amount  of  air  than  the  secondary. Again, the  sensitivity of the  weight- 
f l o w  ratios t o  changes  in  secondary and tertiary  pressure  ratio  decreased 
greatly  with  increasing primary pressure  ratio. 

I in table IV. A comparison of these  figures  reveals  that  the  secondary 

A comparison of figures 10 and 1l shows that, for a given primary 
pressure  ratio,  the  weight-flow  ratios fo r  the open primary-nozzle con- 
figuration are, in general,  considerably lower than for the closed- 
primaxy  configuration.  This  comparison also disclosee, as pointed out 
in  reference 8, that for the  closed  primary-nozzle  configuration (large 
diameter  ratio),  the  secondary  and  tertiary  w-&ight-flow  ratios  were more 
sensitive  to  changes in secondary and tertiary  pressure  ratio for any 
particular  primary  pressure  ratio,  than  for  the open primary-nozzle  con- 
figuration (sm~.13_ diameter  ratio}. m e  open  primary-nozzle  configuration 
will, however, pump  secondary arid tertiary air over a wider range of 
secondary  and  tertiary  pressure,ratios  and will start  pumping  at a lower 
primary pressure  ratio.  These  comparisons  indicate  that  ejector  perfor- 
mance  is  not  compatible  with  afterburner-cooling  requirements, in that 
there is 8 great  excess of air for the nonafterburning  (closed  primary 
nozzle)  condition. Also, because  the  required  tertiary f low is generay 
about one-fifth that required f o r  the  secondary  system,  there is a great 

1 

excess of tertiary  air for most  conditions.  pointed  out  in  reference 8, 
such an excess of tertiary  air flow can  be  reduced by decreasing  the u 
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- 
t e r t i a r y  diasleter Etna spacing  ra t ios   to  values s l igh t ly   l a rger  than the  
secondary dlameter and spacing  ratios. 

1 

Thrust  characterist ics.  - The ef fec t  of secondary and t e r t i m y  pres- 
sure r a t i o  on gross t h rus t   r a t io  is  shown i n  tab le  I V  and i n  figures 12(a) 
and 12(b) for   the  c losed and open primary-nozzle  configurations,  respec- 
t ively.  For the closed-primaxy  nozzle, a gain i n  ~ o s s  th rus t  w&s obtained 
f o r  all primary pressure ratios,  although with primary  pressure  ratios 

ary  pressure  ra t ios  below about 1.0. These losses  were as much as 4 per- i$ 
R) of 8.0 and 9.5 there was a l o s s   i n  gross t h rus t  at  secondary and terti- 

cent and 4$ percent, respectively, a t  the primazy pressure  ra t ios  of 
8.0 aad 9.5. Data f o r  a primsry pressure  ra t io  of 1.10 indicated that 
a gain i n  @;rosa t h rus t  of about 34 percent was obtainable, which was 
due, in   nos t  part, t o   t h e  relatively la rge  mss flow through the second- 
ary and t e r t i a r y  systems. Data f o r   t h e  open nozzle  (fig.  12(b) ) also 
show that a gross thrust gain is obtainable  for a l l  primmy pressure 
ra t ios ,  with losses  occurring a t  the low secon-y and te r t imy  pressure  
r a t i o s   f o r  primary pressure r a t i o s  of 1.10, 1.50, 4-0, and. 6.0. 

A comparison  of figures =(a) and 12(b)  reveals  the same general 
th rus t  trends that were observed i n  the  earlier investigation of double- 
shroud ejectors  (reference 8).  These  curves also follow the same general 

given,primary  pressure  ratio,  the thrust curves  for the closed  primary 
nozzle l i e  above those of t he  open-nozzle configuration.  This i s  due, 

secondary  and ter t iary  pressure  ra t ios   for   the  c losed prilqasy-nozzle 
configuration. Also the greater expansfon r a t i o  of the  closed pr-y 
nozzle would contribute  to  higher thrust r a t i o s  at  the  high primary 
pressure ra t ios .  Although the higher thrust r a t i o s  were obtained with 
the  closed  primary-nozzle  configuration, it does  not  necessarily  follow 
that this is the best  configuration,  in v iew of the  large amaunt of 
secondary  and t e r t i a r y  air that is being pumped. 

- trends as the weight-flow  curves i n  figures 10 and: 11; nmety, f o r  m y  

d i n  part, t o  the greater secondary and t e r t i azy  mass flows at given 

The sens i t i v i ty  of the gross thrust  r a t i o   t o  changes i n  secondary 
and t e r t i a r y  pressure r a t i o  is, i n  general, less f o r  the open prlmazy- 
nozzle  configuration.  Furthermore,  for each configuration this sensi- 
t i v i t y   t o  secondary and t e r t i a r y  pressure ratio  decreases as the primary 
pressure  ratio  increases.  

Application of Data 

As pointed  out i n  reference 8, the performance  of an ejector  in an 
ac tua l   ins ta l la t ion  w i l l  depend upon the performance of the ejector  itself 
as 8 pump and upon the  performance of the  cooling-air flow system for a 
range of operat ing  cmdit ims.  Aleo, a correctim must be appl ied   to   the  

- 

e 
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weight-flow  ratios  to  take  into  consideration  the ratio-olooling-air 
temperature  to  engine-gas  temperature,  as  described in reference 3. 
However,  this  correction  may  not  be  valid  under  all  conditions,  particu- 
larly  at  the  high  temperature  ratios;  some  error  may  therefore  result, 
as indicated  in  reference 4. However,  the  comparisons of full-scale 
and  model-ejector  data shown in this  reference  are  belleved  to show 
greater  discrepancies  than woad have been  the  case had the configurations 
been  exact  scale  models of the  ejectors  used.  Until  more  complete  high- 
temperature  ejector  data  are  ayailable,  the  data  presented  herein  should 
give an indication of trends to be  expected from double-shroud  ejectors 3 
having similar  configurations and will serve as a supplement Go the data N PC 
contained in reference 8. 

CONnuDING REMARKS 

Data  obtained  with a double-shroud  e3ector  configuration, using 
two  different  size  convergent pimary nozzles  in  order  to  simulate a 
specific  manufacturer's  variable-area  iris-type  nozzle in the  closed 
and in the  open pos i t lms ,  indtcated that the performance with the cooling- 
air passages blocked.was  tyEicgl  of  that.fgr.single  ejectors  having sfmi- 
lar  diameter  and  spacing  ratios.. Also indicated was a possible gross 
thrust loss of as great  as 33 percent of primary-nozzle gross thrust with 
the primary nozzle  in  the c l o s d  position and with no cooling-air  flow. 
For the  open-primary-nozzle  configuration and no cooling-ais  flow, the 
tbrust  losses  were  reduced  to 17 percent of primary-nozzle gross thrust. 
For both configurations  the  magnitude  of  backflow was relatively small. 
There was very  little  interactim  between  the  secondary and tertiary 
flow systems  as  each system was. essentially  unaffected  by  changes in 
flow  through  the  other. A comparison of the  pumping  characteristice for 
both configurations hdicates that, in general, the closed  primary-nozzle 
configuration is capable of pumping  more cooling air;  whereas the open- 
nozzle  configuration will pump  bver a greater  range  of  secondary  and 
tertiary  pressure  ratios. 

. .  

.. . 
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Lewis Flight  Propulsion  Laboratory 
National  Advisory  Committee  for  Aeronautic6 

Cleveland,  Ohio . ... . 
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iter shroud 7 

Open 14.79 11.18 10.59 (1.32 10.75 11.12 10.635 
Closed 13.49 11.62 I .86 11.80 11.07 11.12 I .66S 

Figure 2. - Ejector notation snd descr ipt ion of ejector models. 
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(b) Primary-nozzle p e i t i o n ,  open. 

Figure 5 .  - Concluded. Effect of prlq pressure ratio on backflow. 
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1.00 1.04 1.08 1.12 1.16 1.20 
Tertiary pressure ratio, Pt/po 

Figure 6. - Effect of tertfsry pressure ratio on secondary and 
tertiary weight-flow ra t ios  w i t h  primary nozzle f n  closed 
position. primary pressure ratio, P /p 2.39; secondary 

preseure ratio, P,/po, 1.302. 
P 0’ 
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I I 0 Secondary weight-flow ratio, 

1 7 1  fJ Tertiary weight-flow ratio, 
- 

Secondary pressure ratio, P,/B 

Figure 7. - Effect of secondarypressure  ratio on secondary and 
tertiary  weight-flow ratios with  primary nozzle in closed 
position. PrFmary pressure ratio, Pp/po, ~ 2.99; tertiary 
pressure ratio, Pt/po, 1.304. 
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1.0 1.1 1.2 1; 3 1.4 
Tertiary  pressure ratio,.  Pt/po 

Figure 8. - Effect of tertiary  pressure  ratio on secondary and 
tertisry  weight-flow  ratios  with  primary  nozzle In open 
position. Primmy pressure  ratio, PP/po, 3.0; secondary 
pressure  ratio, p$p0, -1.304. 

i.0 1.1 - 1.2 1.3 1.4 
Secondary  pressure  ratio, pa/- 

Figure 9. - Effect of secondary  pressure  ratio on secondary and 
tertiary  weight-flow Dtios with  primary nozzle in open posi- 
tion. Primary pressure ratio, Pp/po, 3.015; secandary pres- 
sure  ratio,  P$po, 1.303. 
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.32 

0 prlmery 

'd.0 
pressure .. 
ratio 

.28 
El 1.50 
0 1.10 

(a) Effect oPseto- ana tertiary pressure r a ~ o a  on seco- 
weight-flow ratio. 

Figure 10. - Double-s-ud ejector pqping characteristics uith primary 
nozzle in closed gosition. 
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(a) Primarg-aozzle gosition, dosed. 

Fligrrre 12. - Double-ahmud ejector thrust characteristics. 
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